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INTRODUCTION
37
Rice is the staple food for more than half of the world's population (Khush, 2005) .
38
Rice is processed in two steps namely de-hulling and milling and milled rice is 39 consumed as whole grains. Therefore, broken grains produced during the milling 40 process reduce the economic return to growers and millers. Broken grains are only 41 half the price of whole grain or head rice (Banaszek & Siebenmorgen, 1990 ).
42
Whole grain has a kernel length more than 75% of the original brown rice length.
43
Head rice yield (HRY) is defined as the weight ratio of whole grains to the initial 44 weight of rough rice, after complete milling (Aquerreta et al., 2007) . Grain fissure GMC at harvesting has a great impact on milling quality traits. The GMC is used 79 as an indicator for determination of the optimal time for harvesting. In many 80 situations, harvesting at 24% -26% GMC has given higher HRY than harvesting at 81 lower GMC (Jodari & Linscombe, 1996) . It is reported that when grains were dried 82 to below 18% GMC in the field but were then exposed to rain or dew before 83 harvesting, fissuring increased significantly (Lan & Kunze, 1996) . 
98
Two long-grain (Cypress and YC53-00-7) and two medium-grain (Reiziq and Harvesting was done at three time intervals after maturity, based on GMC at 1)
150
26% (physiological maturity), 2) 18% (on average 5-6 days later than Machine THU, Satake Engineering Co., Tokyo, Japan). The total amount of brown 163 rice was then milled using a laboratory-type brush mill (Rice Machine THU,
164
Satake Engineering Co., Tokyo, Japan). After milling, whole grains and broken
165
grains present in the white rice sample were separated and weights were recorded.
166
Fissured grains from the whole grain sample were identified using a Grainscope 10% of the total area, then it was considered as a chalky grain. In addition to the above experiment ( Figure S1 ) an additional 32 pots (as grown The experiment was repeated (run-2), under identical conditions. As in the 20.2% less than the resistant varieties at 25°C, and 22.2% less at 33°C (Table 2) .
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
220
The average reduction of HRY for resistant and susceptible varieties was 9.2 and 221 10.9%, respectively, when daytime temperature during grain filling was increased
222
(from 25°C to 33°C) ( Table 2) . Thus the inherent differences in HRY between 223 resistant and susceptible varieties were greater than the differences associated with 224 temperature treatments.
The harvest GMC had a significant effect on HRY. (Table 3) . Further, GMC at harvesting had no effect on the 242 percentage of chalky grains. When exposed to the high daytime temperature treatment (33°C) grain filling took,
289
on average for the four varieties, bsix days less than at 25°C (Table 1) . Previous High temperature had a significant negative effect on HRY (Figure 1a and 1b) breaking forces (Cooper et al., 2008) . In our study, it was observed that the M A N U S C R I P T 
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GMC at both 25°C and 33°C. In contrast, GMC at harvesting had no significant 327 effect on the percentage of chalky grains at both temperatures during grain filling.
328
The percentage of fissured grains decreased slightly with reduction of GMC. Most 329 of these fissured grains had been broken during de-hulling and milling.
331
Among the two stress factors, high temperature and low harvest GMC, the 332 influence of temperature was comparatively less on HRY than harvest GMC.
333
When temperature increased from 25°C to 33°C, a 5.8 and 9.5% reduction in HRY
334
was recorded in resistant and susceptible varieties respectively, at 26% harvest
335
GMC. However, the average reduction in HRY due to the decreased GMC (from 336 26 to 15%) at harvest, was 11.9 and 18.9% respectively in resistant and susceptible
337
varieties at each temperature level (Figure 1a, b) 
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365
The impaired accumulation of dry matter results in poor milling quality traits.
366
However, high temperature exposure at the early grain filling stage (e.g. 14 DAH) The later part of the grain filling (from 21 DAH to harvesting) was more critical 396 for formation of chalky and fissured grains at high temperature. If the plants were 397 exposed to high temperature during this period, the milling quality characteristics 398 were greatly reduced. Therefore, it is important to determine the optimum sowing Peng, S., Huang, J., Sheehy, J. E., Laza, R. C., Visperas, R. M., Zhong, X., between varieties for a given temperature (rows). 23   559  560  561  562  563  564  565  566  567  568  569  570  571  572  573  574  575  576  577  578  579  580  581  582  583  584  585  586  587  588  589  590  591  592  593  594  595  596  597  598  599  600  601  602  603  604  605  606  607  608 M A N U S C R I P T
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Highlights
• High temperature during grain filling and low GMC at harvesting, reduced HRY
• Effect of GMC at harvesting is greater than high temperature on HRY
• High temperature exposure at 21 DAH, resulted the lowest HRY
• Temperature sensitive grain filling stage is used deciding optimum sowing date
